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COMPACT MICROCOLUMN FOR AUTOMATED ASSEMBLY 



[0001] This invention was made with the United States Government support under DARPA 
contract DAAH01-03-C-R217, Phase 1, SBIR. The United States Government has certain rights 
in the invention. 

CROSS-REFERENCE 

[0002] This application is related to the commonly-assigned U.S. Patent Application entitled 
"MEMS MICROCONNECTORS AND NON-POWERED MICROASSEMBLY 

THEREWITH," application serial no. , attorney doclcet no. 34003.101, having 

Kenneth Tsui, Aaron Geisberger, and George Skidmore named as inventors. 



BACKGROUND 

[0003] The present disclosure relates generally to electron columns and, more specifically, to 
compact microcolumns for automated assembly. 

[0004] Electron beam columns are well known for use in electron microscopy for imaging 
surfaces and thin samples and for electron beam lithography, such as for imaging a pattern onto a 
substrate. Conventional electron beam columns for electron microscopy and lithography are 
typically used to produce a scaiming probe or to illuminate a sample or an aperture using a series 
of electron beam lenses, including magnetic or electrostatic lenses. 
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[0005] A well-known variant, the microcolumn, is a very short and small diameter electron 
beam column, often used in an array of such columns. Microcolumns are structures including 
microlenses and deflectors. In general, the microlenses are multiple layers of silicon chips or 
silicon membranes spaced apart by insulating layers and having bore diameters that vary from a 
few to several hundred |im. Such microlenses may include a plurality of microlens components 
or elements, accurately aligned for the purpose of focusing electron beams. Electrodes of the 
microlenses may include silicon membranes formed from a polished wafer containing a plurality 
of die, wherein a membrane may be formed at the center of each die, possibly by wet isotropic 
etching. 

[0006] Coupling the insulating and microlens siUcon layers of the microcolumn is typically 
achieved by anodic bonding. However, anodic bonding must be conducted at elevated 
temperatures, which typically requires several hours of heat-up (to approximately 400 °C) and 
cool-down time, as well as a physical connection of a high voltage probe, during which time drift, 
bond-induced shift, and expansion can degrade the alignment. This process must then be 
repeated for each additional layer. Because the apertures in the microlenses must be precisely 
aligned, assembly of the microcolumn is complex and time-consuming. For example, one 
assembly method requires each lens to be aligned under an optical microscope and anodically 
bonded one at a time. In addition, sodium ion migration from insulating layers to conductive 
layers during operation at elevated voltages can cause arcing and, consequently, failure of the 
microcolunm, 

[0007] Accordingly, what is needed in the art is a microcolumn, a method of manufacturing a 
microcolimin, and a system incorporating a microcolumn, that addresses the above-discussed 
issues. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present disclosure is best understood from the following detailed description 
when read with the accompanying figures. It is emphasized that, in accordance with the standard 
practice in the industry, various features are not drawn to scale. In fact, the dimensions of the 
various features may be arbitrarily increased or reduced for clarity of discussion. 
[0009] Fig. 1 illustrates a perspective view of one embodiment of a microcolunm constructed 
according to aspects of the present disclosure. 
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[0010] Fig. 2 illustrates a plan view of one embodiment of a beam modification component 
constructed according to aspects of the present disclosure. 

[0011] Fig. 3 illustrates a plan view of another embodiment of a beam modification 
component constructed according to aspects of the present disclosure. 

[0012] Fig. 4 illustrates a perspective view of another embodiment of a beam modification 

component constructed according to aspects of the present disclosure. 

[0013] Figs. 5A-5D illustrate sectional views of sequential stages of one embodiment of a 

method of manufacturing a microcolxmm component according to aspects of the present 

disclosure. 

[0014] Fig. 6 illustrates a perspective view of one embodiment of a substrate fi*om which a 
microcolumn may be assembled according to aspects of the present disclosure. 
[0015] Fig. 7 illustrates a perspective view of one embodiment of a clamped assembly 
constructed according to aspects of the present disclosure. 

[0016] Fig. 8 illustrates a schematic view of one embodiment of a microcolumn system 
according to aspects of the present disclosure. 

[0017] Fig. 9 illustrates a perspective view of a portion of the microcolumn system shown in 
Fig. 8. 



DETAILED DESCRIPTION 

[0018] It is to be imderstood that the following disclosure provides many different 
embodiments, or examples, for implementing different features of various embodiments. 
Specific examples of components and arrangements are described below to simplify the present 
disclosure. These are, of course, merely examples and are not intended to be limiting. In 
addition, the present disclosure may repeat reference numerals and/or letters in the various 
examples. This repetition is for the purpose of simpHcity and clarity and does not in itself dictate 
a relationship between the various embodiments and/or configurations discussed. Moreover, the 
formation of a first feature over or on a second feature in the description that follows may 
include embodiments in which the first and second features are formed in direct contact, and may 
also include embodiments in which additional features may be formed interposing the first and 
second features, such that the first and second features may not be in direct contact. 
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[0019] Referring to Fig. 1, illustrated is a perspective view of one embodiment of a scanning 
electron microscope (SEM) microcolumn 100 according to aspects of the present disclosure. 
The microcoluirm 100 includes an assembly substrate 110 and beam modification components 
120a-j coupled to the assembly substrate 110. The beam modification components 120a-j may 
be coupled to the assembly substrate 1 10 by adhesive, bonding, soldering, brazing, mechanical 
clips and other fasteners, combinations thereof, and/or other means. 

[0020] In one embodiment, the beam modification components 120a-j may be coupled to the 
assembly substrate 1 10 by connector/socket pairs, such as those shown in U.S. Patent 
Application No. , entitled "MEMS MICROCONNECTORS AND NON- 
POWERED MICROASSEMBLY THEREWITH," having Kenneth Tsui, Aaron Geisberger, and 
George Skidmore names as inventors, which is incorporated by reference herein in its entirety. 
For example, each of the beam modification components 120a-j may include an integral 
connector for engaging a corresponding socket 130 on the assembly substrate 110. The 
cormectors may also be separate components bonded or otherwise coupled to the beam 
modification components 120a-j. The assembly substrate 110 may also include traces or other 
conductive members 115 electrically connected to corresponding sockets 130 for providing 
current and/or biasing signals to the ones of the beam modification components 120a-j. 
[0021] In the illustrated embodiment, the beam modification components 120a-j include an 
extractor component 120a, a focusing electrode component 120b, an anode component 120c, an 
octupole component 120d, an aperture component 120e, deflector components 120f and 120g, 
and Einzel lens components 120h-j. Of course, embodiments within the scope of the present 
disclosure are not limited to the assembly shown in Fig. 1. For example, the microcolumn 100 
may include additional and/or alternative beam modification components. The number of beam 
modification components employed in the microcolumn 100 is also not limited by the scope of 
the present disclosure, such that embodiments may include more or fewer beam modification 
components than in the illustrated embodiment. 

[0022] As also shown in Fig. 1, one or more of the beam modification components 120a-j 
may be oriented substantially perpendicular to the assembly substrate 1 10 and substantially 
parallel to each other. However, such an orientation is not required in every embodiment, such 
that the beam modification components 120a-j may be oriented at acute angles relative to each 
other and/or to the assembly substrate 1 10. Moreover, while each of the illustrated beam 
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modification components 120a-j are substantially planar and several have substantially similar 
footprint profiles and areas, other configurations are within the scope of the present disclosure. 
In one embodiment, one or more or all of the beam modification components 120a-j have a 
footprint of less than about 2 cm^. For example, a number of the beam modification components 
120a-j may have a footprint of about 1 cm^. 

[0023] Referring to Fig. 2, illustrated is a plan view of one embodiment of a beam 
modification component 200 constructed according to aspects of the present disclosure. The 
beam modification component 200 may be substantially similar to one or more of the beam 
modification components 120a-j shown in Fig. 1. 

[0024] The beam modification component 200 includes a component substrate 2 1 0 having a 
through-hole aperture 220. The through-hole aperture 220 may be sized based on the intended 
purpose of the beam modification component 200. For example, if the beam modification 
component 200 is to be employed as an extractor component, the aperture 220 may be smaller 
than the diameter of an incident electron beam. Accordingly, the beam modification component 
200 may physically extract, deflect, or otherwise prevent firom passing fiinge components of an 
incident electron beam or otherwise reduce the diameter of the electron beam by removing 
portions of the electron beam. Such a beam modification component 200 may also be employed 
as a spray aperture component or a blanker component. 

[0025] Another beam limiting fimction for which the beam modification component 200 may 
be employed is setting the beam convergence angle. Optimizing the beam convergence angle, 
which may be measured as the half-angle of the beam at the target, may control the effect of lens 
aberrations and resolution, and may also be achieved by appropriately sizing the aperture 220. 
The size of the aperture 220 may also be sized to set the beam current. 
[0026] While not limited within the scope of the present application, the diameter of the 
aperture 220 in the above-described fiinctions may range between about 5 ^im and about 1000 
|Lim. Moreover, the aperture 220 may have a substantially circular shape, as shown in Fig. 2, or 
other shapes. For example, the shape of the aperture 220 may be substantially square, triangular, 
pentagonal, hexagonal, octagonal, or other polygonal shapes, as well as other irregular shapes. 
[0027] The beam modification component 200 may also include connectors 230 for coupling 
the component 200 to corresponding sockets 130 on the assembly substrate 110 shown in Fig. 1. 
The connectors 230 may be conductive or include conductive members, such that a desired 
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current and/or bias may be passed from the assembly substrate 1 10 to the beam modification 
component 200. The component substrate 210 may be conductive, or semiconductive, and may 
be electrically coupled to the connectors 230 or conductive portions thereof. Accordingly, the 
beam modification component 200 may be held at a bias potential, such as when the component 
200 is employed as a focusing electrode component, an anode component, or an Einzel lens 
component. 

[0028] In one embodiment, the beam modification component 200 may be configured to be 
heated, such as to prevent the formation of contamination deposits. Heat sources employed for 
such heating may including external or local heaters or lasers. Ohmic heating may also be 
employed, in which case the beam modification component 200 may include traces or coils. 
[0029] Referring to Fig. 3, illustrated is a plan view of another embodiment of a beam 
modification component 300 constructed according to aspects of the present disclosure. The 
beam modification component 300 may be substantially similar to one or more of the beam 
modification components 120a-j shown in Fig. 1. 

[0030] The beam modification component 300 includes a component substrate 310 having a 
through-hole aperture 320. The through-hole aperture 320 may be sized to permit the 
transmission of all or a substantial portion of an incident electron beam. The beam modification 
component 300 also includes connectors 330 for coupling to corresponding sockets 130 on the 
assembly substrate 1 10 shown in Fig. 1. The connectors 330 may be conductive or include 
conductive portions, thereby interconnecting traces or conductors 1 15 on the assembly substrate 
1 10 to corresponding electrodes 340 formed on or integral to the component substrate 310. For 
example, in the embodiment shown in Fig. 3, the beam modification component 300 includes 8 
electrodes 340 and 4 connectors 330 each having two conductors electrically coupled to a 
corresponding electrode 340. The electrodes 340 may be randomly or regularly distributed about 
the aperture 320, and may be isolated from one another by trenches 350 filled with nitride, 
silicon nitride, sihcon dioxide, and/or other insulating materials. However, in some 
embodiments, the beam modification component 300 (and others described herein) may not 
include such trenches 350. 

[0031] The beam modification component 300 may be employed as a deflector or a focusing 
element by biasing the electrodes 340 in a predetermined configuration. For example, the 
electrodes 340 may be biased at similar potentials to focus an electron beam, or opposing ones of 
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the electrodes 340 may be biased at different potentials to deflect or steer the electron beam. 
Such focusing and deflection may also be performed simultaneously. 

[0032] Referring to Fig. 4, illustrated is a perspective view of another embodiment of a beam 
modification component 400 constructed according to aspects of the present disclosure. The 
beam modification component 400 may be substantially similar to one or more of the beam 
modification components 120a-j shown in Fig. 1. 

[0033] The beam modification component 400 includes a component substrate 410 having a 
pass-through apert\u"e 420 and connectors 430 for coupling to corresponding sockets 130 on the 
assembly substrate 110 shown in Fig. 1. The beam modification component 400 also includes 
biasing plates or otherwise-shaped members 440 each having a connector 450 for coupling to a 
corresponding socket 460 on the component substrate 410. The connectors 450 and component 
sockets 460 may be substantially similar to the connectors 430 and sockets 130. The beam 
modification component 400 may be configured as an octupole, having 8 biasing plates 440, or a 
quadrupole, having 4 biasing plates 440. Of course, the number of biasing plates 440 included in 
each beam modification component 400 is not limited within the scope of the present 
application. 

[0034] The component substrate 410 also includes traces 470 to provide conductivity 
between the sockets 130 on the assembly substrate 1 10 and the biasing plates 440 via the 
connectors 430, the component sockets 460, and the biasing plate connectors 450, collectively. 
Accordingly, the biasing plates 440 may be biased at similar or varying potentials as with the 
electrodes 340 of the beam modification component 300 shown in Fig. 3. 
[0035] Referring to Fig. 5A, illustrated is a sectional view of one embodiment of a 
component or substrate in the microcolumn 100 shown in Fig. 1, herein designated by the 
reference numeral 500, in an intermediate stage of manufacture according to aspects of the 
present disclosure. In one embodiment, the manufacturing stage depicted in Fig. 5 A may be an 
initial stage. The manufacturing method contemplated by Fig. 5A and subsequent figures may 
be employed during the manufacture of the assembly substrate 110 and the beam modification 
components 120a-j shown in Fig. 1, the beam modification components 200, 300, 400 shown in 
Figs 2-4, respectively, and/or other components included in the microcolumn 100 of Fig. 1. 
[0036] As shown in Fig. 5 A, the component 500 includes a substrate 510 which, at least in 
one embodiment, may be a silicon-on-insulator (SOI) substrate. An insulating layer 520 may be 
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included in the substrate 510 or may be formed on or over the substrate 510. The insulating 
layer 520 may comprise silicon dioxide and/or other insulating materials, and may comprise 
more than one layer. The insulating layer 520 may also be or include a buried oxide layer, such 
as that formed by implanting oxide ions into the substrate 510. A device layer 530 may also be 
included in the substrate 510 or may be formed on or over the insulating layer 520. The device 
layer 530 may comprise silicon, doped polysilicon, and/or other conductive or semiconductive 
materials, and may comprise more than one layer. The device layer 530 may also comprise an 
insulator coated with a conductive material. In one embodiment, the device layer 530 may have 
a thickness of about 50 jxm. 

[0037] Referring to Fig, 5B, illustrated is a sectional view of the component 500 shown in 
Fig. 5 A in a subsequent stage of manufacture according to aspects of the present disclosure. One 
or more isolation structures 540 may be formed extending through the device layer 530 to the 
insulating layer 520 and/or the substrate 510. The isolation structures 540 may be or include 
shallow trench isolation structures or other features possibly formed by etching recesses or other 
openings in the device layer 530 and subsequently filling the openings with one or more 
insulating materials. The isolation structures 540 may comprise nitride, silicon nitride, silicon 
dioxide, and/or other materials. The isolation structures 540 may be employed to define 
electrodes on the component 500, such as the electrodes 340 described above in regard to Fig. 3. 
The isolation structures 540 may also be employed to electrically isolate features formed on the 
component 500, such as the traces 1 15 and 470 described above in regard to Figs. 1 and 4, 
respectively. In one embodiment, multiple instances of the component 500 may be formed on a 
single substrate, wafer, chip or die area. For example, the assembly substrate 110 and each of 
the beam modification components 120a-j, including sub-components thereof, may be formed 
fi*om or on a common substrate. In such an embodiment, the isolation structures 540 may be 
employed to electrically isolate each of these components. 

[0038] Referring to Fig. 5C, illustrated is a sectional view of the component 500 shown in 
Fig. 5B in a subsequent stage of manufacture according to aspects of the present disclosure. A 
conductive layer 550 is formed over the device layer 530, such as by selective deposition or by 
blanket deposition followed by a patterning process. The conductive layer 550 may comprise 
gold, platinum, silver, alimiinum, doped polysilicon, alloys thereof, and/or other materials. The 
conductive layer 550 is patterned to form traces and/or electrodes on the device layer, such as the 
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electrodes 340 shown in Fig. 3, the traces 1 15 on the assembly substrate 1 10 in Fig. 1, and the 
traces 470 of the component substrate 410 shown in Fig. 4. 

[0039] Referring to Fig. 5D, illustrated is a sectional view of the component 500 shown in 
Fig. 5C in a subsequent stage of manufacture according to aspects of the present disclosure. The 
device layer 530 and/or the conductive layer 550 are pattemed to form connectors and/or sockets, 
such as the connectors 230, 330, and 430 shown in Figs. 2, 3, and 4, respectively. The device 
layer 530 and/or the conductive layer 550 may also be pattemed to form traces and/or electrodes 
on the device layer, such as the electrodes 340 shown in Fig. 3, the traces 1 15 on the assembly 
substrate 1 10 in Fig. 1, and the traces 470 on the component substrate 410 in Fig. 4. The 
patterning contemplated in Fig. 5D may also be employed to define the component 500 itself, 
such as the assembly substrate 100 and/or beam modification components 120a-j shown in Fig. 1, 
and/or the beam modification components 200, 300, and 400 shown in Figs. 2, 3, and 4, 
respectively. 

[0040] In one embodiment, the substrate 510 may be sized such that the assembly substrate 
and all or a portion of the beam modification components employed in a single microcolumn 
may be defined in the device layer of a single substrate, wafer, chip, or die. In another 
embodiment, the assembly substrate and/or the beam modification components may be 
fabricated fi-om multiple substrates, including those of different compositions. For example, the 
assembly substrate may be fabricated fi-om a substrate having a nickel layer insulated over a 
Pyrex bulk layer and one or more of the beam modification components may be fabricated fi-om 
another type of substrate. 

[0041] In a subsequent processing step, all or portions of the insulating layer 520 may be 
removed, such as by one or more wet or dry etching processes. Consequently, at least a portion 
of the device layer 530 may be "released" from the substrate 510. However, a portion of the 
device layer 530 may also be tethered to the substrate by a portion or "tether" of the device layer 
extending between released and non-released portions. Accordingly, the released portion of the 
device layer 530 may be maintained in a substantially known position to facilitate capture of a 
released portion of the device layer 530 during a subsequent assembly process. 
[0042] Referring to Fig. 6, illustrated is a perspective view of one embodiment of a substrate 
600 having components 610a-k formed thereon to be employed in the assembly of a 
microcolumn according to aspects of the present disclosure. The microcolumn to be assembled 



9 



Attorney Docket No. 34003.110 

from the components 610a-k may be substantially similar to the microcolumn 100 shown in Fig. 
1. 

[0043] For example, the components 610a-k include an extractor component 610a which 
may be substantially similar to the extractor component 120a in Fig. 1 . The components 610a-k 
also include a focusing electrode component 610b which may be substantially similar to the 
focusing electrode component 120b, an anode component 610c which may be substantially 
similar to the anode component 120c, an octupole component 610d which may be substantially 
similar to the octupole component 120d, an aperture component 610e which may be substantially 
similar to the aperture component 120e, deflector components 61 Of and 610g which may be 
substantially similar to the deflector components 120f and 120g, and Einzel lens components 
610h-j which may be substantially similar to the Einzel lens components 120h-j. The 
components 610a-k also include assembly substrate 610k, which may be substantially similar to 
the assembly substrate 110 of Fig. 1. 

[0044] During one embodiment of an assembly method, the extractor component 610a may 
be removed from the substrate 600 and assembled to the assembly substrate 610k. Such 
assembly may be performed by one or methods described in "MEMS MICROCONNECTORS 
AND NON-POWERED MICROASSEMBLY THEREWITH" incorporated herein. For 
example, a manipulation probe may be oriented proximate the extractor component 610a such 
that the manipulation probe and a handle portion of the extractor component 610a may be 
engaged. A tether portion of the extractor component 610a may then be severed, such as by 
physically cutting the tether with a probe and/or by lifting the extractor component away from 
the substrate 600 until the tether is broken, thereby freeing the extractor component 610a from 
the substrate 600. 

[0045] Thereafter, the manipulation probe may be rotated, translated, and/or otherwise 
manipulated to orient the extractor component 610a proximate an assembly location on the 
assembly substrate 610k. Li one example, such orientation of the extractor component 610a may 
include orienting a connector portion of the extractor component 610a proximate a socket on the 
assembly substrate 610k. Thereafter, the manipulation probe may be further manipulated such 
that the connector of the extractor component 610a becomes engaged with the socket on the 
assembly substrate 610k. Moreover, positioning of the manipulation probe and the de-tethering, 
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orientation, and assembly of the extractor component 610a may be performed by an automated 
process. 

[0046] These procedures may be repeated as necessary to assemble the remaining 
components 610b-j to the assembly substrate 610k. The components 610b-j may be assembled 
in any order, although in one embodiment they are assembled in the order in which they will be 
encountered by an electron beam. 

[0047] The assembly of the octupole component 610d and the deflector components 61 Of 
and 610g may be performed by similar procedures. For example, the octupole component 610d 
may be assembled by first assembUng biasing plates 620 to a component substrate 630 and 
subsequently assembling the component substrate 630 to the assembly substrate 610k. The 
assembly of the biasing plates 620 may be performed by similar processes employed to assemble 
the components 610a-j to the assembly substrate 610k, and may be partially or completely 
automated, as described above. 

[0048] Robotic stages may be used to assemble the microcolumn components 610a-j to the 
assembly substrate 610k. In one embodiment, the robotic stages may be controlled using a 
computer and user interface. For example, a user may develop a scripted program employed to 
automate the entire assembly process, or a substantial portion thereof, employing the same 
manipulator probe, connectors and sockets. The program may govern positioning of the 
manipulation probe, de-tethering, orientation, and assembly of the components. Moreover, by 
employing muhiple manipulator probes, the same program may be employed to assemble more 
than one component in parallel, possibly yielding multiple microcolumns. 
[0049] Referring to Fig. 7, illustrated is a perspective view of another embodiment of an 
assembly 700 of a beam modification component 710 and an assembly substrate 720. The 
assembly 700 may be included in the microcolumn 100 of Fig. 1. The beam modification 
component 710 and the assembly substrate 720 may be substantially similar to any of the beam 
modification components and assembly substrates described above. The assembly 700 also 
includes one or more clamp components 730 assembled to the assembly substrate 720 and the 
beam modification component 710. 

[0050] Each clamp component 730 includes connectors 740 for engaging corresponding 
sockets 750 on the assembly substrate 720. The clamp components 730 also include connectors 
760 for engaging the beam modification component 710 or connectors 770 thereof Extensions 
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780 extend between the connectors 740 and the connectors 760. Each of the connectors 760, 770 
may include biasable and/or flexible members for frictionally, pre-stressed, and/or otherwise 
engaging surfaces of a mating component. 

[0051] During assembly, the beam modification component 710 may be assembled to the 
assembly substrate 720, possibly by the assembly procedures described above. Such assembly 
may include engaging connectors 715 of the beam modification component 710 with sockets 725 
of the assembly substrate 720. This assembly may also be automated, as described above. The 
clamp components 730 may then be assembled individually or simultaneously. During this 
assembly, the connectors 740 may be engaged with the sockets 750 while the connectors 760 and 
770 simultaneously engage. 

[0052] Referring to Fig. 8, illustrated is a schematic view of one embodiment of a 
microcolumn system 800 constructed according to aspects of the present disclosure. The system 
800 is one environment in which the microcolumn 100 of Fig. 1 may be implemented. For 
example, the system 800 includes a column 810 which includes a electron emitter and a 
microcolumn, wherein the microcolumn may be substantially similar to the microcolumn 100 
shown in Fig. 1. 

[0053] The system 800 also includes a specimen chamber 820 including a stage and/or other 
means for supporting and possibly orienting a specimen undergoing investigation by the system 
800. The specimen chamber 820 may also house detectors and/or other means for detecting 
affects of the electron beam on a specimen. The detectors may be employed to determined a 
chemical composition of the specimen, to determine geometries of features of the specimen, or 
for other functions of the system 800. Thus, the system 800 may be employed for SEM, mass 
spectroscopy, metrology, e-beam lithography, and/or other investigate processes employing 
microcolumns and electron or charged ion beams. The specimen chamber 820 may also include 
still or video imaging means for capturing macroscopic images of the specimen and its 
orientation in the chamber 820. 

[0054] The system 800 may also include a tank 830 for holding liquid nitrogen or other 
coolants which may be employed to cool the detectors in the specimen chamber 820. The 
system 800 may also include a vacuum system 840 coupled to the chamber 820 for evacuating 
the chamber 820, including to levels below atmospheric pressure. A controller 850 may be 
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coupled to one or more of the column 810, the chamber 820, the tank 830 or valve thereof, and 
the vacuum system 840, for controlling operation thereof. 

[0055] Referring to Fig. 9, illustrated is one embodiment of at least a portion of the column 
810 shown in Fig. 8. The column 810 includes an electron emitter 910 and a microcolumn 920. 
In one embodiment, the combination of the electron emitter 910 and the microcolumn 920, and 
possibly other components, may be a microcolumn system. 

[0056] The microcolunm 920 may be substantially similar to the microcolunm 100 shown in 
Fig. 1 . The emitter 910 may be a thermionic electron gim, a field emission gun, or other type of 
electron emission device. In the illustrated embodiment, the emitter 910 has a length about equal 
to 2.5 times the length of the microcolumn 920. For example, the microcolumn 920 may have a 
length Li (measured between outside beam modification components) of about 10 mm or less, 
such that the emitter 910 may have a length L2 of about 25 mm or less. However, in other 
embodiments the ratio of the length of the emitter 910 to the length of the microcolumn 920 may 
be less than about 2.5, including as low as about 1:1, or lower. 

[0057] The emitter 910 may include an emitter tip 915 fi^om which electrons are emitted in 
response to thermal energy (e.g., a Schottky source). However, a cold field emitter may also or 
alternatively be employed. In one embodiment, wafer/lithography processes (such as those 
described in reference to Figs. 5A-5D) may be employed to fabricate the emitter 910/915 instead 
of employing the emitter 910 depicted in Fig. 9. For example, the emitter 910 may be fabricated 
fi"om a substrate, as with the beam modification components described above, and may include a 
"tip" comprising carbon nanotubes, copper, ttingsten, zirconixmi oxide, silicon, silicon oxide, 
titanium, and/or other materials, and assembled to the assembly substrate in fi"ont of other beam 
modification components. However, other conventional and/or future-developed types of 
emitters may also or alternatively be employed within the scope of the present disclosure. 
[0058] Thus, the present disclosure provides a microcolumn including, in one embodiment, 
an assembly substrate and a plurality of beam modification components. The assembly substrate 
includes a plurality of sockets, and the beam modification components each include a connector 
coupled to a corresponding one of the sockets. 

[0059] The present disclosure also introduces a clamp for supporting a MEMS component 
coupled to a MEMS substrate. The claim includes an extension member and first and second 
connectors. The first connector is coupled to a first end of the extension member and is 
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configured to engage a socket on the MEMS substrate. The second connector is coupled to a 
second end of the extension member and is configured to engage a feature of the MEMS 
component. 

[0060] A method of manufacturing a microcolumn column is also provided in the present 
disclosure. In one embodiment, the method includes providing a substrate having a device layer 
formed over an insulating layer. Portions of the device layer are removed to form: (1) an 
assembly substrate having a plurality of sockets and (2) a plurality of beam modification 
components each having a connector. The manufacturing method further includes releasing the 
beam modification components and assembling the beam modification components to the 
assembly substrate by coupling the connectors of the beam modification components to 
corresponding ones of the sockets. Assembly of the beam modification components may employ 
automation and/or automated calibration, including employing automated motion of robotic 
stages in a substantially automated manner. 

[0061] The present disclosure also provides a microcolumn system including an electron gun 
and a microcolumn substantially aligned with the electron gun for modifying an electron beam 
produced by the electron gun. The microcolumn may include an assembly substrate having a 
plurality of sockets and a plurality of beam modification components each having a connector 
coupled to a corresponding one of the sockets. 

[0062] The foregoing has outlined features of several embodiments so that those skilled in 
the art may better understand the detailed description that follows. Those skilled in the art 
should appreciate that they may readily use the present disclosure as a basis for designing or 
modifying other processes and structures for carrying out the same purposes and/or achieving the 
same advantages of the embodiments introduced herein. Those skilled in the art should also 
realize that such equivalent constructions do not depart from the spirit and scope of the present 
disclosure, and that they may make various changes, substitutions and alterations herein without 
departing firom the spirit and scope of the present disclosure. 
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